This study is underscoring the impact of climate change on the major agricultural crops in Punjab, Pakistan. These crops are Wheat, Rice, Cotton and Sugarcane. This is the first study of its nature to study the impact of scientific information's on the stages of development of each crop in order to assess the impact of climate change on each stage of the crops. This detail scientific information's obtained form Pakistan Agricultural Research Council (PARC), Islamabad, Cotton Research Institute, Faisalabad, Rice Research Institute, Kala Shah Kaku. Using panel data of districts of Punjab for the period 1980-2008, Fixed Effect Model is estimated. The findings show that both in short and in long term the impact of climate change on wheat productivity is non-negative, while the impact of climate change is negative for Rice, Cotton and Sugarcane.
INTRODUCTION
It is necessary for a country to make its agriculture sector efficient to enhance food security, quality of life and to promote rapid economic growth. The evidence form least developed countries (LDCs) indicates that agriculture sector accounts for a large share in their gross domestic product (GDP). Thus the development of the economy cannot be achieved without improving the agriculture sector. According to the Economic Survey of Pakistan (2011-12) its main natural resource is arable land and agriculture sector's contribution to the GDP is 21 percent. The agricultural sector absorbs 45 percent of labor force and its share in exports is 18 %. Given the role of agricultural sector in economic growth and its sensitivity to change in temperature and precipitation it is important to study the impact of climate change on major crops in Pakistan.
There are two crops seasons in Pakistan namely, Rabi and Kharif. Rabi crops are grown normally in the months of November to April and Kharif crops are grown from May to October. These two seasons make Pakistan an agricultural economy and its performance depends on the climate during the whole year. Climate change generally affect agriculture through changes in temperature, precipitation. Schlenker (2006) estimated the impact of climate change on crop yield for the agriculture sector of United States. This study found threshold levels of temperatures to be 29°C for corn and soybeans and 33°C for cotton. It concluded that the temperature above threshold would harm the crops. The hypothesis was tested by incorporating 3000 counties of US in the analysis. Though temperatures in all seasons, except in autumn, reduced the farm value but high precipitation increased the agriculture production of the US (Mendelsohn, 1994) . Therefore, for the United States global warming has very little impact on the agriculture sector. However, at the beginning climate change may have small effects for developed countries but in future negative effects will be very large and stronger. Countries with longer latitude, climate change may lead to net benefits but countries with low latitude are more vulnerable (Stern, 2006) .
In recent decades, high temperatures have been observed in Asia and the Pacific regions. In these regions agriculture sector is more vulnerable as 37 percent of the total world emissions from agriculture production are accumulating from Asia and the Pacific. Countries most vulnerable to climate change include Bhutan, Indonesia, Pakistan, Papua New Guinea, PRC, Sri Lanka, Thailand, Timor-Leste, Uzbekistan, and Vietnam (Asian Development Bank, 2009 ). On the other hand, there is also a possibility that agriculture sector may harm the climate. This problem is identified by Paul et al (2009) . It is observed that 14 percent of nitric oxide and methane is coming from the agriculture sector and 18 percent is due to deforestation for agriculture use.
Season and location really matters for the production in agriculture sector. African crops are more sensitive to marginal change in temperature as compare to change in precipitation. For African crops temperature rise has positive effects, while reduction in rainfall negatively affects net revenues. These observations were based on seven African field crops (maize, wheat, sorghum, sugarcane, groundnut, sunflower and soybean) of 300 districts in South Africa (Gbetibouo 2005) . Study also suggested that one can shift the growing season of a crop according to temperature but there is a possibility that, this type of action may lead to complete elimination of some crops of some regions.
The agriculture sector in Pakistan plays a pivotal role as the income of more than 47
percent of the population is dependent on this sector. This sector is under threat from climate change. It is projected that temperatures will increase by 3°C by 2040 and 5°C to 6°C by the end of this century. Due to this scenario, Asia can lose 50 percent of its wheat production (MOE, 2009) . Moreover, agriculture sector of Pakistan is more vulnerable to climate change because of its geographical location (Janjua et al, 2011) . This study explains that due to anthropogenic activities, temperature of earth is rising and it may have negative effect on the production of wheat. Using Vector Auto
Regressive (VAR) model on the annual data from 1960 to 2009, the study did not find significant negative impact of climate change on wheat production in Pakistan.
However, on the other hand, Shakoor (2011) found significant negative impact of temperature-rise on agriculture production and also found the positive impact of rain fall on agriculture production. Analyses were based on the wheat crop and study concluded that the negative impact of temperature is greater than the positive impact of rainfall for Pakistan. The authors also estimated cost of arid regions due to 1% increase in temperature, which came to Rs 4180/-to the net revenue per annum.
Objectives of the Study
The objective of present study is to investigate the impact of climate (through changes in temperature and precipitation) on four major crops namely; Wheat, Rice, Cotton and Sugarcane in the Punjab Province of Pakistan. Estimations based on the time series data from 1980-2008. The study also makes projections regarding the effects of changes in temperature and precipitation on the crops production. This is the first study incorporating scientific information on the stages of development of each crop in order to assess the impact of climate change on each stage of the crops.
Organization of the Study
Section 1 of this study includes definition of key terms, problem and objectives.
Section 2 describes data description and methodology. Section 3 covers empirical estimations and results. Section 4 concludes the study with recommendations and finally Section 5 describes the limitation of the study.
DATA AND METHODOLOGY

Data Description
The analysis is carried out using the data of four major crops namely Wheat, Rice, Cotton and Sugarcane form the province of Punjab. The scientific information of production stages of these crops and its optimal temperature and precipitations were wise selection of the districts were made according to the their productivity e.g. the districts were varied from crops to crops depending on their productivity size.
The wheat and rice production has been consists of three different stages of production and of three different optimal temperature and precipitations. The optimal temperature of the cotton production remain the same therefore, scientifically it has not been divided into different production stages. Similarly, the sugarcane production has been divided into four different production stages that of their optimal temperature and precipitations. The data on districts wise productivity of each crop were taken from statistical year book of Ministry of Agriculture, the data on temperature and precipitation were taken form the department of Metrology. We faced many problems in unbalance panel; therefore we use the balance panel design for the year 1980-2009. 
Specification of the model
V it is composite error term, and µ i is unobservable individual country specific effects and ∑w it is other disturbances.
ESTIMATION RESULTS
In this section, we put forward the estimation results of the four crops and discuss the results in detail. Section 3.1 discusses the results of wheat crop in the Punjab province. The results for rice crop are presented in section 3.2. The impact of climate change on cotton crop is inspected in section 3.3. Section 3.4 discusses the impact of climate change on sugarcane. The last section discusses the simulation results for various scenarios changes in temperature.
Wheat Production
This section discusses the estimation results of wheat crop in Punjab province. The cropping period for wheat is from December to April. Consequently, we have divided the cropping period in three stages due to different requirement of temperature and precipitation for each stage. The first stage covers the month of December whereas the second stage consists of the period from January to March. The third stage again consists of only one month, namely, April. The estimation results are presented in Table 1 . Table 1 shows the results of two models estimated for identifying the impact of temperature and precipitation on wheat crop. In the first model, both temperature and precipitation have been used along with their square terms, assuming a non-linear relationship between the variables. The results of this model show that temperature affect wheat crop non-linearly only in first stage of production. Surprisingly, this nonlinear relationship is of U-shaped type. This means that after the temperature of 14.76C, further increase in temperature will positively affect wheat crop. In the second and third stages of production, however, variations in temperature have insignificant affect on wheat production. On the other hand, the precipitation has significant non-linear relationship with wheat crop in the first two stages of production. The optimal precipitations for the first two stages are 111 mm and 84.50 mm respectively. That is, beyond these optimal limits, further precipitation will adversely affect growth of plant and it's fruiting. As was the case with temperature, in the third stage precipitation does not affect wheat crop. The constant term (intercept) shows the average production of the seven districts included in the model due to district specific characteristics whereas the coefficients of district dummies show deviations from this mean production. Similarly, the deviation of district dummies varialbes from the mean is not significant and the sign and significance of the coefficient of these dummies have not changed.
The DW statistics confirms the absence of serial correlation problem and F-stats shows the overall significance of the model.
Rice Production
This section explores the impact of climate change on rice production in the seven districts of Punjab province. Two models have been estimated to investigate the impact of climate change on rice production as shown in Table 2 . In the first model, both temperature and precipitation have been used with their square terms to inspect the non-linear impact of these variables. The results of this model confirm the notion that temperature affect rice crop non-linearly in first two stages of production. Accordingly, a rise in temperature is beneficial for rice production initially, in the first stage. However, beyond a certain optimal temperature 27C for the first stage, further increase in temperature becomes harmful for production. In the second stage, however, the non-linear relationship is of U-shaped. Initially, a rise in temperature is harmful for production, but beyond a certain temperature limit (which is 26.75C) the effect becomes positive. This outcome may be a result of overlapping of different stages of growth of the plant due to our classification of these stages using monthly data, as both low and high temperatures are harmful for production [Chaudhary et al., 2002] . The third stage of production is not affect by increase in temperature. It means that, for Punjab, the temperature for the third stage remains in the optimal limits for the entire period of this stage. The average temperature for included districts of Punjab is 22 degree centigrade, whereas the optimal required temperature for this stage ranges from 20C-25C [Chaudhary et al., 2002 ].
An interesting result is the insignificance of precipitation for rice production in all the stages. This result is, however, justifiable on the grounds that the annual precipitation in Pakistan is less [only 20 mm] than the optimal required precipitation [which is 40mm on the lower bound] for rice production. This deficiency has been met by the artificial arrangements of irrigation water through canals and tube wells, thereby reducing the dependency on rainfall. For 75 days [which is almost the first two stages], the rice fields should have 6 mm of slow moving water. However, the water requirement gradually decreases during the maturity period of crop. This maturity period is the third stage of production, which is in the month of November in our case. The data shows that the average rainfall during this month is only 5 mm and, hence, may not be harmful for the crop. In a nutshell, we may say this climate variable is irrelevant for rice crop in the sense that both neither the lower nor the upper levels of precipitation are harmful. The lower precipitation is covered by irrigation methods and the upper level does not reach at all.
Lastly, the significance of district dummies confirms the fact the production of rice crop does respond to district specific characteristics. The intercept term in the model represents the mean rice production of these seven districts, where as coefficients of district dummies show the deviation from this average production. It is evident from the results that, except for Sialkot, all other districts produce less rice than the average production. The R 2 and F-Stats validate the significance of the overall model.
In the second estimation, the insignificant variable precipitation has been dropped from the model from all stages of production. The results are robust as only first two stages of production are affected by change in temperature. In addition, all the district dummies are also significant. Hence, one may easily conclude that these results are robust in terms of values, signs and significance for all the parameters. The optimal temperature for the first stage is 28.33C in the respective case. Whereas, the positive effect of temperature in the second stage starts beyond 28.11C. The differences between these temperatures between the two models are 1.33C and 1.36C
respectively for the two stages. However, these optimal temperatures in both the models for both stages are consistent with optimal required temperature determined Again, the R 2 and F-stats confirm the significance of the overall model.
Cotton Production
The underlying section deals empirically with the impact of climate change on cotton production. The period for cotton crop in Punjab is from May to September. Since the optimal temperature and precipitation requirement is same for the whole period of crop production. We have not made different stages of production for cotton. The maximum temperature and precipitation required for cotton crop during the production period is 32C and 40mm respectively 3 . Since the data shows obvious deviation from the maximum limits for both variables, we take the deviation from maximum limits for purpose of estimation. This is in contrast to what we have done for wheat and rice crops where the historical data appeared to lie in the optimal limits and no clear deviations from maximum limits of either variable were observable. In the following lines we discuss the estimation results for cotton production. As is mentioned in the above lines, the climate variables are taken in the form of deviation from standard maximum required levels. Therefore, one should be careful in interpreting these results. Since the second model is the best one in terms of explaining the true relationship, we interpret the results of this model. The results indicate that a one degree centigrade deviation of temperature from the maximum required level (which is 32C) during the whole period reduces the production of cotton by 42.33 thousands bales. Similarly, a one millimeter deviation of precipitation from the maximum required level (which 40 mm) reduces the production of cotton by 0.50 thousands bales. This is a significant loss in the production of cotton due to change in the climate variables. The reduction in production due to both the variables indicates the climate change has been harmful for cotton production in this region.
Before explain the district dummies, it is worthwhile to recall that constant term in the model shows the mean production of the five districts. Consequently, the coefficients of the district dummies should be interpreted as deviation from this mean. The results
show the mean production of cotton (after controlling for districts specific characteristics) is 403.52. Thus, the Bahawalpur and Multan districts produce more cotton (735.10 and 316.60 thousands bales respectively) than the mean production.
On the other hand, in Faisalabad, Jhelum and Mianwali districts cotton production is lower than the average production. These results should not be surprising as cotton production in these three districts is significantly lower than production in Bahawalpur and Multan districts. For example, the average production of cotton during period 1987-2008 in Bahawalpur and Multan was 992 and 800 thousand bales respectively. Whereas, for the same period, the average production for Faisalabad, Jhelum and Mianwali was 105.5, 0.35, and 13.76 thousand bales only. The significance of district dummies, however, indicates that the district specific characteristics do have important impact on cotton production.
Sugarcane Production
Finally, in this section we are computing the impact of climate and precipitation change on the sugarcane production in seven districts namely Bahawalpur, Faisalabad, Jhelum, Mianwali, Sialkot, Lahore and Multan which are the prone cultivated areas of sugarcane in Pakistan. In Pakistan the sugarcane harvesting consists of two seasons. The cultivation of sugarcane crop starts in Feb-December.
The production time is about nine month. However, 30% harvesting of crop is in Sept-December with its total duration of 14 months. The mill owners prefer this crop due to the high quality of sugarcane production as compare to the 9 months crop but the farmers enduring 9 month crop so that the land can be ready for wheat crops otherwise they have to forgo the wheat production. Similarly, globally two methods are pertinent for its harvesting e.g. firstly, by germination and secondly, by sowing seeds. Our farmers are using the first method as the second method normally takes two years to germinate. With the consultation of the Sugarcane Research Institute, Faisalabad we divided the sugarcane production into four stages of production. These are: Germination of duration 45 days, tillering of duration of 90 days, vegetative of duration 90 days and maturing normally 60-75 days. stage of sugarcane production, the coefficients of the estimation shows that initially the increase in temperature causes increase in productivity which may be possibly the optimal temperature ranged from 28-38 0 C in this stage but the square of temperature results in negative productivity. Finally, the maturity is the fourth and last productivity stage of production. The sweetness starts in this stage of production, which requires minimum temperature.
The increase in temperature in these months would reduce the sweetness and ultimately the yields. The optimal temperature required in this stage is 10 0 C, in the first stage the increase in temperature has negative impact on sugarcane productivity/yield. The further increase e.g. the square of the temperature again has positive but minimal effect on productivity/yields. It is important to mention that these results are presented after correcting for the problems of autocorrelation and heteroscedasticity. The overall models, represented by F-tests, are statistically significant at the conventional level of significance.
Simulation Analysis
The results of the simulations analysis for these four major crops are annexed.
The 
Conclusion
The study focuses on the impact of on changes in climate change indicators on production of four major crops in Punjab, Pakistan. The results show that in the short run the increase in temperature is expected to affect the wheat productivity but in long term the increase in temperature has positive affect on wheat productivity. Similarly, the increase in precipitation has negative impact in both short and long term. A rise in temperature is beneficial for rice production initially. However, beyond a certain optimal temperature, further increase in temperature becomes harmful for rice production. Interestingly, the increase in precipitation does not harm the rice productivity. It has been evident that the change in climate variables (temperature, precipitation) has a significant negative impact on production of cotton. Finally, the increase in temperature also harms the sugarcane productivity in long term.
The major conclusions of the study are:
First: the impact of changes in temperature and precipitation varies significantly with the timing and production stages of the crops.
Second: The impact varies from crop to crop.
Finally: The districts variations in crop productivity are significant
Limitation of the Study
The limitations are:
1. The analysis is limited to the province of Punjab; we are in the process of finalizing the results for other provinces of Pakistan.
2. The study considers two important climate change variables namely temperature and precipitation but other explanatory variables like humidity, soil fertility, and other inputs variables are not consider due to non-availability of districts wise data. A district level survey is required to include these variables in the analysis.
3. The simulation analyses consider temperature increases by 1C and 2 C respectively, and the precipitations scenarios are kept constant. The simulation results for precipitation are in the process. 
Annex
